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研究中发现，AR 可通过调节 MAPK-ERK 信号通路来改变肝代谢性核受体
PPARα的磷酸化和活性，进而影响细胞内脂质稳态。我们的预实验还显示， AR
的缺失显著地改善了 C57BL/6 Ay/a 小鼠的脂质代谢和葡萄糖耐受性，提示 AR
活性的异常可能与胰岛素抵抗的发生发展有关。 
本研究中，我们分别通过利用慢病毒 AR-shRNA 系统、醛糖还原酶抑制剂
（aldose reductase inhibitor，ARI）zopolrestate 处理的细胞模型以及 ARI 处理的
动物模型和 AR 缺失的基因敲除小鼠模型，研究了 AR 活性的改变对巨噬细胞与
脂肪组织炎症发生和肝脏 AMPK 活性的影响，进而探讨了 AR 在胰岛素抵抗中
的作用。 
在巨噬细胞系 RAW264.7 中我们研究了抑制 AR 对炎症因子 TNFα 及 IL-6
表达的影响。结果显示，无论是慢病毒 shRNA 介导的 AR knock-down 还是 ARI
介导的 AR 抑制都显著降低了巨噬细胞炎症因子 TNFα及 IL-6 的表达，表明 AR
的抑制可以降低巨噬细胞的免疫活性。 
我们选取了 4 周龄的 db/db 糖尿病小鼠并以 50 mg/kg 的剂量进行了为期 4
周的 ARI 腹腔注射，发现 ARI 处理能显著抑制 db/db 小鼠体重的增长及血糖的
上升，但是对小鼠食欲基本上没有影响。与对照组对比，ARI 处理 db/db 小鼠
的肝脏及附睾脂肪变化最为明显，肝脏和附睾脂肪的重量显著低于对照组；而
冰冻切片油红染色及试剂盒 TG 测定等实验证明 ARI 处理的 db/db 小鼠肝脏脂
质含量显著降低。通过 Real-time PCR 及组织学方法，我们对脂肪组织的巨噬细
胞侵润程度进行了评估，发现 ARI 处理能够显著降低 db/db 小鼠脂肪组织中巨
噬细胞侵润数量及炎症因子的表达量。 
我们将实验室维持的 AR 敲除（AR-/-）小鼠与 db/m 小鼠进行了杂交，获得
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低了炎症因子的表达。 
利用慢病毒 shRNA 系统，我们研究了 AR 对肝 AML12 细胞 AMPK 活性的
影响。结果显示，AR knock-down 后肝 AML12 细胞中 AMPKα的磷酸化水平得
到显著提高，而 AMPKα 本身蛋白量没有明显变化。与此一致，在 ARI 处理的
db/db 小鼠中，AR 的抑制也不改变 AMPKα蛋白表达量，但显著地提高了肝脏中
AMPKα的磷酸化水平。这些实验结果也在 db/db-AR+/-及 db/db-AR+/+小鼠中得到
了进一步证实。这些结果说明，抑制 AR 能够显著提高肝细胞中 AMPK 的活性，
影响肝脏的脂质代谢。 





















Aldose reductase (AR) plays a key role in inflammatory response, osmotic 
regulation, cellular detoxification, hormone synthesis, propagation and metabolic 
regulation. In our previous studies, we had shown that AR regulates PPARα 
phosphorylation and activity through MAPK-ERK pathway, thereby affecting cellular 
lipid metabolism. Our preliminary study also showed in C57BL/6 Ay/a mice that AR 
deficiency could be beneficial for lipid metabolism and glucose tolerance. These 
results suggest that abnormal AR activity might be associated with insulin resistance. 
Here, we explored the effect of AR inhibition on chronic inflammation and 
AMPK activity both in vivo and in vitro by using lentivirus or ARI treatment in cell 
lines and ARI injection or AR knock-out in db/db mice. 
We measured mRNA expression level of several inflammatory factors in 
macrophage cell line RAW264.7 after AR inhibition or ablation. We show here that  
either ARI treatment or AR ablation can decrease the expression level of 
inflammatory factors, such as MCP-1, TNFα and IL-6, thus reducing the immune 
activity of macrophage. 
We used 4-week old db/db mice for intraperitoneal injections with saline or 50 
mg/kg zopolrestat (one of the most popularly used AR inhibitor), and closely 
inspected on the physiological signs such as body weight and blood glucose. 
Interestingly, we found out that ARI treatment significantly decreased the growth in 
weight and blood glucose while had no influence on the appetite of the mice. When 
compared with the saline injected mice, the weights of liver and epididymal adipose 
tissue were significantly decreased in ARI treated mice. Meanwhile, the lipid content 
in the liver was gratly reduced in ARI-treated mice as assayed by oil red O stain to the 
frozen section and TG content measurement. Further research on inflammation status 
in adipose tissue by Real-time PCR and histological method indicated that ARI can 
strongly inhibit macrophage recruitment into the epididymal adipose tissue and inhibit 
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We bred the aldose reductase knockout (KO, AR-/-) mice with the db/m mice, 
and acquired two genotype groups of mice, which were desiganated db/db-AR+/- and 
db/db-AR+/+ respectively. Consistent with the results from the ARI-treated db/db mice, 
we found out that AR knockout inhibited both macrophage infiltration and 
inflammatory factors expression in the epididymal adipose tissue. 
Using a lentivirus shRNA system, we also studied the effect of AR inhibition on 
the activity of AMPK in AML12 cells. Significantly AR inhibition caused no change 
in AMPKα protein level but greatly increased its phosphorylation (Thr172). 
Consistent with this, AR inhibition in db/db mice by ARI significantly up-regulated 
phosphorylated AMPKα in the liver while total AMPKα remained unchanged. This 
later result was further validated in AR knock-out db/db mice.  
Chronic inflammation and reduced AMPK activity both contribute to the 
development of insulin resistance. Our results therefore suggest that AR might be 
involved in the development of insulin resistance by contributing to regulation of  
inflammation in the adipose tissue and the activity of AMPK in the liver. Further, AR 
inhibition potentially might be beneficial for improving insulin insensitivity in the 
mammals. 


















缩略语 英文 中文 
ARI aldose reductase inhibitor 醛糖还原酶抑制剂 
AR aldose reductase 醛糖还原酶 
SDH sorbitol dehydrogenase 山梨醇脱氢酶 
M1 classically activated macrophage  经典激活型巨噬细胞 
M2 alternatively activated macrophages 另类激活型巨噬细胞 
TG triglyceride 甘油三酯 
FFA free fatty acid 游离脂肪酸 
MCP-1 monocyte chemotactic protein-1 单核细胞趋化蛋白-1 
IL-18 interleukin 18 白介素-18 
TNFα tumor necrosis factor α 肿瘤坏死因子 α 
IL-6 interleukin 6 白介素-6 
IRS insulin receptor substrate proteins 胰岛素受体蛋白 
LPS lipopolysaccharides 脂多糖 
TLR4 Toll-like receptor 4 TLR 受体 4 
PTP1B phosphotyrosine phophatase 1B 蛋白酪氨酸磷酸酶 1B 
SOCS suppressor of cytokine signaling 细胞因子信号抑制子 
JNK c-Jun N-terminal Kinase JNK 
DAG diacylglycerol 二脂酰甘油 
iNOS inducible nitric oxide synthase 诱导型一氧化氮合酶 
NF-κB nuclear factor kappa B 细胞核因子-κB 
PKC protein kinase C 蛋白激酶 C 
IKK IκB kinase IκB 激酶 
CCL2 chemokine（C-C motif）ligand 2 趋化因子配体 2 
AMPK AMP-activated protein kinase AMP 激活蛋白激酶 
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PGC1 PPARγ co-activator 1 PPARγ共激活因子 1 
GLUT4 glucose transporter type 4 第四型葡萄糖转运子 
MEF-2 myocyte enhancer factor-2 肌细胞增强因子 
ACC acetyl-CoA carboxylase 乙酰辅酶 A 羧化酶 
MAPK mitogen-activated protein kinase 有丝分裂原激活蛋白激酶 
PPAR peroxisome proliferator-activated receptor 过氧化物酶体增殖激活受体 
PEPCK phosphoenolpyruvate carboxykinase 磷酸烯醇式丙酮酸羧化酶 
G6Pase glucokinase 葡萄糖激酶 
AGE advanced glycation end-product 糖基化终产物 
FBS fetal bovine serum 胎牛血清 
CPT-1 carnitine palmitoyltransferase-1 肉碱棕榈酰转运酶-1 
RNAi RNA interference RNA 干扰 






































































图 1 ： 胰 岛 素 信 号 通 路 ， 主 要 参 考 cell signal 公 司 网 站
（http://www.cellsignal.com/pathways/glucose-metabolism.jsp）。 
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